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The g a s i f i c a t i o n  of carbon ( c o a l )  by r e a c t i o n  w i t h  w a t e r  vapor  is u s u a l l y  con- 
ducted a t  a temperature  h i g h e r  than  1200K. 
v a t i o n  energy of t h e  Order of  50 kcal /mole.  
a l k a l i  meta ls ,  e s p e c i a l l y  potassium [1,2]. 
products  are CO and Hg, accord ing  t o  t h e  r e a c t i o n  

This r e a c t i o n  e x h i b i t s  an apparent  a c t i -  
I t  is c a t a l y z e d  by v a r i o u s  s a l t s  o f  

A t  t h e s e  h i g h  tempera tures ,  t h e  main 

C + H20 ----> H2 + CO 

The s imul taneous  product ion  of CH4 has a l s o  been r e p o r t e d  131 e s p e c i a l l y  when t h e  
r e a c t i o n  temperature  is lowered.  The r e l a t i v e l y  h i g h  tempera ture  would, however, 
f a c i l i t a t e  t h e  decomposi t ion of most hydrocarbons t h a t  could  have been produced.  

Our r e s e a r c h  is focussed  on f i n d i n g  s u i t a b l e  c a t a l y s t s  f o r  t h e  low tempera ture  
product ion  of low molecular  weight  hydrocarbons from t h e  r e a c t i o n  of carbon ( c o a l )  
w i t h  water vapor. 
carbonate  and s e v e r a l  o t h e r  a l k a l i  metal hydroxides  c a t a l y z e  t h e  product ion  of methane 
i n  t h e  temperature  range from 500 t o  600K w i t h  an apparent  a c t i v a t i o n  energy of about 
11 kcal /mole [41. 
t i o n ,  t h i s  s tudy  has  been extended by 

It has  been r e p o r t e d  r e c e n t l y  t h a t  po tass ium hydroxide ,  potassium 

In Order t o  g a i n  more i n s i g h t  i n t o  t h e  mechanism of t h i s  produc- 

i) us ing  two d i f f e r e n t  r e a c t o r s  t o  accomodate e i t h e r  g r a p h i t e  s i n g l e  c r y s t a l s  
O r  g r a p h i t e  powder, 

ii) extending  t h e  tempera ture  range up t o  1075K, 

iii) vary ing  of t h e  r e a c t o r  vapor  p r e s s u r e ,  and 

i v )  i n v e s t i g a t i n g  o t h e r  c a t a l y s t s :  calcium o x i d e  and t r a n s i t i o n  metals. 

Graphi te  s i n g l e  c r y s t a l s  were obta ined  by c leavage  from a l a r g e r  p i e c e  of h i g h l y  
o r i e n t e d  p y r o l y t i c  g r a p h i t e  (HOPG) from Union Carbide  C o r p o r a t i o n .  
on t h e  manipula tor  of  a UHV system, in f i r m  c o n t a c t  w i t h  a gold f o i l  t h a t  could  be 
hea ted  r e s i s t i v e l y .  
s p u t t e r  c l e a n i n g  and mass spectrometry.  
p r e s s u r e  c e l l  where i t  was exposed t o  w a t e r  vapor and/or  o t h e r  g a s e s  f o r  chemical  
r e a c t i o n .  The products  were ana lyzed  by g a s  chromatography. 
been d e s c r i b e d  i n  more d e t a i l  e l sewhere  [4]. 

They were mounted 

The sample was a c c e s s i b l e  t o  s u r f a c e  a n a l y s i s  by AES, XPS, ion 
It could  a l s o  be i s o l a t e d  w i t h i n  a h i g h  

T h i s  a p p a r a t u s  has  

*On l e a v e  from t h e  Groupe d e  Physicachimie Minera le  e t  de C a t a l y s e ,  U n i v e r s i t e  
Cathol ique  d e  Lauvoin, Belgium. 
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Pure g r a p h i t e  powders were r e a c t e d  w i t h  w a t e r  i n  a f i x e d  bed r e a c t o r  made of a 
q u a r t z  tube 4 min. I D  c o n t a i n i n g  about  0.4 g of sample f i x e d  between two g l a s s  wool 
p lugs .  A c a r r i e r  gas  ( u s u a l l y  n i t r o g e n )  was s a t u r a t e d  w i t h  water  vapor by bubbling 
through a water  c o n t a i n e r  where t h e  tempera ture  could  be a d j u s t e d  from 30°C t o  95°C 
i n  o r d e r  t o  vary  t h e  water vapor  p r e s s u r e .  The f low r a t e  could be v a r i e d  between 
4 and 20 ml/min. A t  t h e  o u t l e t  of t h e  r e a c t o r ,  t h e  water vapor was condensed i n  a 
copper c o i l  main ta ined  a t  t h e  m e l t i n g  ice tempera ture .  Care was taken to avoid the  
condensat ion of water  i n  o t h e r  p a r t s  of t h e  a p p a r a t u s .  The products  were analyzed 
by gas chromatography. 

The potassium hydroxide c a t a l y z e d  r e a c t i o n  was s t u d i e d  from 525  t o  1075K under 
a water  vapor  p r e s s u r e  ranging  from 20 t o  600 t o r r .  The product ion  of methane exhi-  
b i t e d  t h e  same apparent  a c t i v a t i o n  energy  of  about  12 kcal /mole w i t h i n  t h e  whole tem- 
p e r a t u r e  range. T h i s  s u g g e s t s  t h a t  t h e  c a t a l y t i c  mechanism involved  remains the same 
a t  high temperature  and has  no r e l a t i o n  t o  t h e  ( s imul taneous ly  o c c u r r i n g )  reac t ion  
( 1 ) .  The methane product ion  appeared  a l s o  t o  he f i r s t  o r d e r  wi th  r e s p e c t  t o  the water  
vapor p r e s s u r e .  

Calcium oxide  was a l s o  t r i e d  as c a t a l y s t  i n  t h e  temperature  range 623-873K [ 5 ] .  
S i n g l e  c r y s t a l  g r a p h i t e  samples  were impregnated w i t h  1M s o l u t i o n  of C a ( N 0 3 ) ~  and 
d r i e d  i n  a i r .  CaO was obta ined  from t h e  decomposi t ion of C a ( N 0 3 ) ~  a t  t h e  temperature  
of t h e  r e a c t i o n .  No methane was d e t e c t e d  when t h e  sample was exposed only  t o  22 t o r r  
of H20 and 730 t o r r  of hel ium. XPS a n a l y s i s  showed, however, t h e  appearance of a new 
peak a t  a b inding  energy of 290 e V .  Methane was r e a d i l y  d e t e c t e d  when t h e  sample was 
subsequent ly  exposed t o  1 atm Hp a t  t h e  same tempera ture .  The i n t e n s i t y  of the peak 
a t  290 e V  decreased s i m u l t a n e o u s l y  w i t h  i n c r e a s i n g  t i m e  of r e a c t i o n  w i t h  hydrogen. 
We t e n t a t i v e l y  a t t r i b u t e  t h i s  peak t o  a new form of a c t i v e  carbon t h a t  is hydrogenated 
t o  CH4 by H 2 .  
sample i n  a mixture  of 22 t o r r  of  H20 and 32 t o r r  of  H2. 
e n t  a c t i v a t i o n  energy  of 16.3 kca l /mole  and e x h i b i t e d  a f i r s t  o r d e r  dependence on 
t h e  hydrogen p r e s s u r e .  

A s t e a d y  r a t e  of p r o d u c t i o n  of  methane was obta ined  when r e a c t i n g  t h e  
This r e a c t i o n  had an appar- 

A l k a l i  and calcium c a t a l y s t s  d o  n o t  produce o r g a n i c  molecules  o t h e r  than  methane 
under o u r  exper imenta l  c o n d i t i o n s .  s t u d i e s  are now i n  progress  t o  de termine  if the 
combination of t h e s e  c a t a l y s t s  w i t h  t r a n s i t i o n  meta l  compounds could be u t i l i z e d  t o  
produce h i g h e r  molecular  weight  hydrocarhons.  

T h i s  work is suppor ted  by t h e  D i r e c t o r ,  O f f i c e  of Energy Research,  O f f i c e  of 
Bas ic  Energy S c i e n c e s ,  Mater ia l s /Chemica l  " c i e n c e s  D i v i s i o n  of t h e  U.S. Department 
of Energy under Cont rac t  DE-AC03-76SF00098. 
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